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摘   要 
 I 
 
摘   要 
（聚）有机二硫化物是具有广泛应用前景的锂电池正极材料之一，基于双硫



















S S  反键轨道，可以形成稳定的两中心三电子[SS]
 键。强吸电子基团-NO2
的存在对低能空轨道能级有一定的影响，但 *

































































Organic disulfide (polymers) is one of the most promising cathode materials for 
lithium battery. Based on energy conversion during the reversible process of disulfide 
bond formation and breaking, [-SS-] + 2e  2[-S]
−
, it can realize the storage of 
energy. Such cathode materials have the advantages of high energy density, low 
operating temperature, non-toxicity, low costs, designability of the active molecular 
structure, and etc. The SS bond can capture an electron to form a two-center 
three-electron(2c-3e) bond, donated as [S∴S], which has relatively high stability. 
“π-Backbone for electric conduction, side chain for energy storage” has become a 
new idea of developing conducting organic disulfide polymers. Quantum chemistry 
calculations are capable of characterizing the bonding features of [S∴S] and 
structural modification effect, and provide a basis for the design and application of 
organic disulfide cathode materials.  
In this dissertation, 4 model systems of organic disulfides have been considered. 
Structural and electronic properties of redox intermediates of these molecules were 
investigated theoretically. The nature of [S∴S] and structure modification effect 
were discussed. We also explored the reversible lithium intercalation-deintercalation 
process, and predicted the standard redox potentials of organic disulfides in DMSO 
and acetonitrile solution by the polarizable continuum model(PCM). 
The main results in the dissertation are summarized as follows: 
(1) Equilibrium geometries, electron affinities, ionization potentials, and effects 
of structural modification on their properties of selected organic disulfides have been 
investigated by B3LYP/AUG-cc-pVDZ calculations. The present results show that the 
SS bond of these disulfides can accommodate the excess electron effectively via the 
*
S S  antibonding orbital and form a stable two-center three-electron (2c-3e) [S∴S]

 
bond. The presence of strong electron-withdrawing group -NO2 can slightly change 
the energy order of frontier orbitals to some extent, but the 
*
S S   is still the 
















(2) Equilibrium geometries of optimized lithium  disulfide complexes and 
Gibbs free energies for the Li insertion reaction have been investigated by 
B3LYP/AUG-cc-pVDZ calculations. Lithium atoms insert into organic disulfides in 
the form of SLiS bridge bond. The present results show that the step at the even 
number of lithium atoms embedding reaction is irreversible, while the reversibility for 
the step with the odd number is good. Calculations show the cleavage of SS bond 
from capture of two electrons is irreversible, while formation of [S∴S] is reversible. 
Accordingly, we need to design new disulfide cathode materials which tend to form 
many radical anion moieties with [S∴S]，achieving high chargedischarge cycle 
performance of lithium battery. In particular, each SS bond is easily to accomodate a 
first electron (embedding a first lithium), and difficult to be further reduced 
(embedding a second lithium).  
 (3) The standard redox potentials of organic disulfides in DMSO and 
acetonitrile solution have been calculated through the thermodynamic cycle by high 
precision method G2 and SMD solvent model. Also, the empirical strategy of B3LYP 
density functional calculation plus 0.28 V correction was evaluated. Present results 
show that, this strategy is not suitable for our research system. Compared to 
acetonitrile, organic disulfides in DMSO are relatively easily reduced by the 
electrochemical process. Generally, standard reduction potential of X

/X (X denotes 




, but for the model 
compound which forms biradical anions, just the reverse.  
Keywords: Organic disulfides; Two-center three-electron bond; Lithium battery; 





























Figure 1.1 A schematic presentation of the most commonly used Li-ion battery 




正极： 2 0.5 2
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LiCoO Li + e +Li CoO
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储能体系的充电和放电过程中[27-28]，基于-SS- + 2e  2-S−的电解聚与电聚合过
程而发生能量交换达到释能与储能的目的。最初的无机二硫化物锂、钠电池
Li-FeS2，Na-Na2Sx都需要在高温环境下工作，为了能承受正极熔体的腐蚀性，必































  +SRS 2 2 Li LiSRSLin ne n n
      
聚合物的物理和电化学性质可以在一个很广泛的范围内调节，将R从给电子的烷






Figure 1.2 Structure of early examples of organodisulfide polymers as cathode 
materials for lithium batteries, which contain disulfide bonds in the main chain. 
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